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Abstract

Texasd Lower Rio Grande Valley (LRGV) has bee
the past 6Qears due largely to objectiveswnldlife conservationWhi | e t he regi onos
protected lads [e.g., National Wildlife Refuge Systelh.S.Fish & Wildlife Service (USFWS)]

is consisted in part by preserved patches of the native Tamaulipan thornscrub or thornforest
ecosystem, a large portion of these lands have been acquired while in active production for field
crops (e.g., cotton, sorghumg¢gtwhere little to no natural vegetation exists. The intent is to

then periodically plant these fields into native woody cover that will complement and eventually
approximate the wildlife habitat value of preserved thornforest fragments. These aaetioted

in a region where less than 10% ofthi e ¢ o s lyistotical (pi@lH00) cover still exists and

where a plethora of conservation threats (rapid urbanization, disturbance, invasive species, etc.)

are now endemic. Planning is a significant componbéttiis restoration process and while the
aforementioned threats intuitively factor into individual project designs, forecasted climate

change impacts for south Texas (emrreasingly infrequent rainfalincreased average high
temperatureby mid-late century) are set to pose even greater overarching challenges to this

effort. Herein, we provide a retrospective on thornforest restoration efforts in the LRGV and

detail a working baseline strategy for climatéormed thornforest restoration on USFWSdan

We also discuss both the expected outcomes and challenges represented by this strategy at
increasing levels of adoption logherregional land managers.

Resumen

El Valle Inferior del Rio Grande de Texas (LRGV, por sus siglas en inglés) ha sido nendeent

trabajo derestauracion ecologica durante los ultimosfibsen gran medida a los objetivos de
conservacion de la vida silvest®&i.bien la base de tierras protegidas de la region [por ejemplo,
refugios nacionales de vida silvestggrvicio de Pesca y Vida Silvestre de EE. UU. (USFWS)]

esta formada en parte por parches preservadas del ecosistema nativo del matorral espinoso o
bosque espinoso Tamaulipeco, una gran parte de estas tierras se adquirieron mientras estaban en
produccion ativa para cultivos extensivos (por ejemplo, algodén, sorgo, etc.) donde existe poca

0 ninguna vegetaciéon natural. La intencion es plantar periédicamente estos campos con una
cubierta boscosa nativa que complemente y eventualmente se aproxime a losshab#aits

de los fragmentos de bosque espinoso preservados. Estas son acciones vitales en una region
donde existe menos del 10% de esta cobertura historica (anterior a 1900) y donde una plétora de
amenazas para la conservacion (urbanizacion rapidarhgsegitdn, especies invasoras, etc.) son

ahora endémicas. La planificacidon es un componente importante de este proceso de restauracion
y, Si bien las amenazas mencionadas anteriormente se tienen en cuenta de manera intuitiva en los
disefios de proyectos indtlales, los impactos del cambio climatico pronosticados para el sur

de Texas (por ejemplo, mas seco, mas caluroso para mediados de finales del siglo) plantean
desafios globales aun mayores a este esfuerzo. En este trabajo, proporcionamos una retrospectiva
sobre los esfuerzos de restauracion del bosque espinoso en el LRGV y detallamos una estrategia
de trabajo para la restauracion de las tierras de USFWS con base en el clima. También
discutimos los resultados esperados y los posibles desafios de los taadures regionales de

las tierras para expandir esta estrategia.
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Introduction

SouthTexas0subtropicalklimateexists on the periphery seasonal, temperate zones to the
northandwinterlesstropicalareado the soutl{Figure 1) Similarly, the region also occupies a
semtarid interface between higher precipitatemeas to the eaahd drier regionfarther west in
both the US and MexicfRappole et al. 1986, Lidouerou and Norwine 1988 u et al. 2006
Murgulet et al. 201y These circumstancémveshapedsurvival strategiesvithin natve plant
communitiesand dependent wildlifassociations oveanillennia(Newton et al. 1991Chavez
Ramirez et al. 1997Camerorand Schee2001). As the 2% century progresselpwevera
changing climatés projected t@mplify theseclimatologicalpatternan ways that willhave far
reachingeffects orthis geographyBiswasand Johr2007,Hassanzadeh et al. 2QZthayer et

al. 2020. Specifically, projectedréndsin extreme weather due iiacreasingaverage daily
temperatureshigher evapotranspiratioand decreasingates ofannualprecipitationare of
universali mpl i cati on f or t he plantsarmdldife (Welmerlktialt ant s,
2011,Hernandez and Uddameri 2QRlao et al. 201NielsonGammon et al. 2090From a
conservation land management perspective, the challenge of mditfase effects will require
that regional stakeholders work together to desigplementand adapexistingandnew
programs for the continuing benefit of native spe€letbia and MoseR008, Heller and
Zavaleta 2009, Joyce et al. 2013
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Figure 1. Lower Rio Grande Valley (LRGV) of Texas.



Conservation measur@sthin thesouthernmost portion dfexas the Laver Rio Grande Valley
(LRGV: Cameron, Hidalgo, Starr and Willacy CountiEgyure 3, arecentral to maintaininghis
ared s e nhibdivarsity, which includes neotropical species associattmtgound elsewhere
in the US(Gehlbach 1987pler 1995Jenny et al. 2004Arvin 2007, TPWD 2012 Figure 3.
Thesemeasuresare uniqueas they incorporatene ofthe largestegionalbase of protected
publiclandin a state that i97% privately ownedHaines et al2006).However, what makes this
regionds conser vat i thacorwdrgerce dactsstredatingtossut f ur t he
geography, economy and existing level of anthropogeasiartbancgRicketts and Imhoff 2003,
Brannstrom and Neuman 200®ith less than 10% ofsthative Tamauliparthornforestcover
remaining intat; conservation planning in the LRG€cesnumerous challegesbeyond those
attribuedto a changinglimate(Parvin 1988Terry et al. 2012Parcher et al. 20)3A similar
trajectory for this same forest type in adjacent parts of northeastern Mes@so unfolded in
the past 6 years de Jesus Navathaidez22008,Jiménez Pérez et al. 2013).

Urbanization for examplejs continuouslyexpanding to accommodaagopulationexpected to
double in the nex30 yearsto near3 million inhabitant§Lombardi et al. 2020 Theadded
infrastructure needed to servittes population anthcreasing levelsfdraffic associated with
the regi onb6s b strorysearvicend gomemmment s¢cmisage energy
developmentgontribute to this tren@McCray 1998, Tewes and Blanton 199Bppez 2006,
Kuvlesky et al. 2007/Ramirez and Mosley 20)15Additionally, federalimmigration policies
centered osurveillance and deterrence activities/ehad a multilevel impact orconservation
effortsin this international border environmd@tbhat 2011) asky et al. 2011)These realities
emphasize thenportance of continuing efforts to provid&bility fortheL RGV6s nati ve
biodiversity byestablising connectivityamongst h e r extpnttbomnforest fragments
(Rappole et al. 2007, Marzluff and Ewing 2008)

Ecological restorationf thornforesthas been a regional focus for achieving this eatiwity for

the pastl0 years.In terms of methodologyunassisteduccession is not considerateffective

means of reestablishindhabitat functions withithis ecosystem due tepletechativeseed

banks invasive species persistermed other factorassociated with past land ug@guerthner

1994 ,Middleton 2003)The U.S. Fish & Wildlife Service and Texas Parks & Wildlife

Department have taken the lead in pasihg lands and developinganagementrograms to

realize mission goalsvolving these activitieUSFWS 1997Land 2020. As a result,

Tamaulipan thornforestas been mtoredon over 16,000acresof former rangesince 182 and a
anaverageannualrate of300acresover the past 10 year@JSFWS2020,pers. comm Over

time, restorel lands provideew habitatdispersabnd recruitmentoutes forspeciegpopulations
thatinhabitexisting thornforest fragments that originate iradjacent regions (e.glamaulipas,
Mexico) (Wright 1996,Sternberg and Judd 2006ing 2015. These areas also provide valuable
stopover habitat fomigratoryb i r d and i nsect species that trav
flyways (e.g., neotropicainigrants monarch butterflies eroute to/from wintering grounds in

central Mexico)Borland et al. 2004Twedt and Best 20Q4Restored areaalsofacilitate

ecosystem services that are becomingeasingly criticabs theLlRGV6 s dev el opment
boundaries gxand into periurban zonddere, forest &luecan be measured tarms ofcarbon
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Figure 2. LRGV biodiversity sample. Credits: Mayra Oyervides, Tony Henehan and Eric Sprague.

sequestratiorerosion contrgleconomic gains iecotourismyecreational opportunities
pollinator serviceandothers(Akland 1997 Mathis and Matisoff 2004Noosnam et al. 2011
Kurpis 2019.

A key objective forconservation ithe LRGV, then, is to adapt thfisurishingecological
restoratioreffort and its partner network #designinformedby expectedmpacts froma
changingclimate(Brennan 2007Rovilitis and Suckling 201GGillson et al. 2013)Here, a
strategy that includes ways of ttoreflacésudcaso n i
in increasingly arid conditions is needed. This same approach will be critical to incorporating
measures of resilience into the program, whereby the étisran identifiable ahaccessible
toolkit with sufficient variation to amunt fordetailedaspects ofestoratione.g., parcelevel
considerations An importart part of this strategy is that it must be cognizant ofcthraplex
challenges that face the LRGV geographgluding lessons previously learnétisis a key
considerationn ecosystem managemesicegapsregularlyoccur between conservation theory
andrealworld application(Cross et al. 2012By addressing theseeedsthis strategy will
provideastarting poinfor anevolving paradigm intelimateadaptedorestrestorationn this
unique region.
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Thornforest Restoration: Retrospective

From their i nc ¢hproforestrestoraton efforts in h&®LRG\Oh&ve been
dedicated to preserving native wildlife populatioBarly focus by the Texas Parks & Wildlife
Departmen{TPWD)was on providing additional habitat for Whitenged dovs (Zenaida
asiaticg Riskind et al. 1987Figure 3. These actions wegedirect response fmpulation
declines in this regioh@ame speciethat first manifested n t h e WlichiBebamme a n d
protractedas aresult of freezes in 1951 and 196@hich destroyednaturecitrus groves
important for nestingCottam and Trefethen 196Bayslette et al. 1996These groves had
supplanted original thornforest cover earlier in the cerdnd/does were able to successfully
adapt to structural similarities (e.g., spiny branches and perennial foliage) that the predominant
citrusvarieties providedOberholser 1974Whitewings were also adapting limited urban
forests(e.g., backyard trees) many40 to 50-yearold LRGV townsat this timebut these
canopiesvere still young andonfinedwithin a relatively solid matrix of working croplands.
State wildlife experts realized that one wayhelpcorrect this deficit wat purchasgortions

of decimated groveasnd work to establish nef@restcoveron them This enhancethevalue of
existingthornforestandhelpeddove populationsecoverin the following decadeSmall et al.
2006) As in otherU.S. geographiesundingenabled byhe PittmanrRobetsonAct (1937)
provided the genesis for most ofslearly restorationvork (Lewis et al. 1942).

While these effds continueda more
comprehensivapproach to conserving
lands for wildlifein the LRGVwas
initiated at the federal level and
spearheadebly the U.S. Fisl& Wildlife
Service(USFWS)in thelatel 9 7 0 6 s
(Jahrsdoerfer and Leslie 1988, USFWS
1997. The impetus for thisew
initiative included conservation planning
for declining nongamespecies (e.g.,
ocelot federally listed in 1982from its
early stages butow with a focuson
providing geographic connectivity
betweerprotectedands in the LRGV
(Perez et al. 1996, USFWS 201A8s an
_— — B ~ objective restoration orthese parcels
Figure_ 3. Whitevinged DoveZenaida asiatica Credit: Mayra gnd surrounding landsould provide
Oyervides. additional habitats fowildlife species
with a thornforeshabitat requiremenSubsequentlyin theearlyl 9 8,@hé Bgartment of the
Interior began purchasimyopertiesalong thdengthof the Rio Grande in Cameron, Hidalgo
and Starr Countie®testablistconnectivity for these purposesdditional nonriverine parcels
in these counties and in Willacy Courtitgvealsobeenadded over time/Nith the exception of
Santa Ana Mdtional Wildlife Refugg SANWR), which dates back tht943thefir i ver cor r i dc
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parcelspurchasedince 198how constitutea major portiorof Lower Rio Grande Valley
Nati onal Wi (LREGMNWR) 165030 acges @ grotected lan@sgure4).

Although TPWD continuesporadicestoration efforts to complement regionatrpaagen
ecotourismle.g.,stateparks,World Birding Center sitegnd huntingLas Palomasvildlife
Management Ardamuchof theirlocal restoratiorfocus has transitioned into providing
technical asistancéo private landowners interested in pursuing their own restoregiated
activities(Perez 202D This is a critical role to fill as aplathsto successful conservation
planningin Texasultimatelyrun through private landand, by extension, strongagonships
between landowners and stakehold&warice et al. 2011, Kreuter et al. 201IA contrast,

U S F WiRdgioration prograrthereafter progranf)as expandedver the pas#0 yearsto include
annualplantingtargets of several hundred acogsprotected land$roughouthe entireregion
The program hasnproved upon theriginal framework developed by TPWD anid
conjunction witha variety ofprivate nursees, haspioneerednostaspects oé cost effective
thornforestrestoration methodologipr the LRGV (Fulbright et al. 1986, Young 1992)his
includes developments gontainergrownnursery productioiie.g.,seed harvesgeedbanking
propagatiortechniquescultural practicésand restoration planning/implementati@.g.,supply
chain developménplanting designlaba/supplies procuremeiindoutplanting succe$s

A |l earning approach has gov e ras bréxamhpheafocpsr ogr amo
on directseedingrom 1982 to 199%d o mixedresultsin stand establishmeand was replad

by nurseryseedling productiof\Vora 1989 Sternberg 2003 Similarly, variation inseedling

planting design was limited early on as tagacitynecessaryo producanany individual

speciesn largerquantitieshad yet tdoe developedPlanting densitiefiavealso evolved since

1995, especially as program objectives shifted to accommodate newer goals in habitat
developmenalong the wayFor example, lovseedlingdensities (<400/acre) were commonplace

before 2006but have been replaced most caseby medium(400-750/acreand high

(>750/acredensities in the intervening yedt$SFWS2020,pers. comm

Restoration planningistorically seta premium orselectingspecies thaveredocumented as
pre-existingin the immediate vicinity oivhere the effort wuld take plac§Waggerman 1978)

If sufficient thornforestover already existlon other parts of the siter on adjacent parcelthe
restoration desigoftenattempedto account for théocal dominance otertainspeciedy
designatinga highempercentagef themin theplantingdmixd Many of the sites that historically
contained riparian vegetatipsuch agloodplain forestof black willow (Salix nigra),cedar elm
(Ulmus crassifolig, hackberry Celtis laevigatqh and Monezuma bald cypres3@&xodium
mucronatuny, have transitioned intshrublandsince the 198 6asa result ofaltered hydrology
alongthe Rio Grandée.g., Falcon Dam, Anzalduas Daandassociatedood-controlsystems
(Brush and Cantu 1998pnard and Judd 200%yerner et al. 2007Small et al. 2000 The
situation surroundinfyeshwater allocation in the region is complex, with agricultural and
municipal supplypriorities currentlyprecluding usage of argignificant portion of this resource
for restorative practicgdevine 2007. As such, the program treats thajority of thesdormer
ripariansites as uplarshnd works taestablishthe shrubland componetiat hasupplanted
historicvegetation in the general area.
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Figure 4. USFW8anaged lands of the LRGV.

Naturalvariation in aridity and precipitatioon an eastvestgradienthasalso influencd
restoration planning. For exampleoody specieswvith distributionslimited tothe drier western
reaches ofhe LRGV (e.g.uplandHidalgo andStarr Couries) intuitively figure into planting
designgherebut maybeabsent for projects based in the 3 eastern counties (Carhidaigo
and Willacy).Previously planting mixesalsoincluded a percentage of early successional trees
(e.g.,Leucaena pulverulenyavith comparatively rapid verticglrowthratecharacteristics
Thesetreeswere expected to facilitataulti-speciegecruitmentover timeby enablingseed
dispersaemong frugivoregArcher et al. 188, Belsky and Canham 199Radilla andPugnaire
2006. Seed collectiomas and continues follow goals forpromoting as much genetic
variability as possible withimidividual specieset for outplantingln practice thisrequires
collection fromavariety of constituenpopulations scattered throughout the LR®EFWS
2014)

Logistically, this effort takes the form oidentifying individual trees on different land parcels,
harvestingseed processingnd thercarefully storingwithin a controlled environmerfior up to
several yearslepending on speciedlild collection is supplemented by harvéstm a 2-acre
plantationlocated at the prograinaursery.Outplanting methodologynvolves preparing sites
through a goundup approach that removes all existing fmative vegetatioand/or monotypic

9



stands of invasive native speciéssome instances (e.gemotebum scar$, more labor
intensive effortssuch aderbicide spespraying for invasivepeciesare requiredo prepare
areas not accessilielargemachinery. In either event, seedlings are plabtedandat regular
intervals within a matrix that already includes a significant invasive grass compemgatarily
weakened through a ppant herbicide applicatioor likely will within 1-5 calendar yearpost
plantdue to emergence from the soil seed banttigspersa(Wied et al. 202

Expected Climate Impacts
Projections forclimatechangepaint an increasinglgxtremeweathertrajectory fo southTexas

as the remainder of the 2&entury unfoldsResearch using variationsrimodelng over the past
decade indicatghattheregionwill be experiencingyreater variability in precipitatiomal

warmer average temperatutesmid-to-late century(Jiang andrang2012 Cook et al. 2015,
Venkataraman et al. 201Bigure5). These advertised conditiomsuld manifest in drought
conditions ofpreviously unseegeverity and wuld inevitablyimpact every facet of the r e a 6 s
ecology and economyolkowska 2016 Schwantes et al. 201 Drought isgenerallydefined as

a period of time in whiclan area

receives belowiormal precipitation \
and leads to reductions in soil W%E
moisture, stream flogandor other
associateavater shortageg.he
duration and magnitude of the event
are especially key to considerations
forestsurvivalsince most plants
native to soutlTexas have some
degree omorphological and
physiological adaptation to drought
stress already in placR¢driguezet

al. 2000, Quiring and Ganesh 2010,
Wonkka et al. 2016)n the LRGV,

Tamaulipan thornforest associations

that depend osoil moisture derived Figure 5. Climate model simulation projecting future aridity inde
. values for Texas and Northeastern Mexico in 2050. Courtesy o
from 20-30inches of annual

Natalie Salinas.
precipitation maye predisposed to
suffering increased rates of mortality in these scené@oszalezRodriguezt al. 2011
Adhikari and White 204, Yang et al. 2020 This could then lead not only hegativempacts
on listed species dependent on these associdtionstical habitatut also to reductions in
productivity related to biomass, thereby reducing the carbon sequestration potential of these
forests(Adhikari and White2019.

RCP 4.5 Year 2050
Value

I <1.796223

I <2.532877

I <3.318641

B <4.300846
<5.405827

0 45 90 180 270 360 £6.85458
e — — \iles

The story ofperiodicdrought in the LRGV is a familiar orie residents and conservation land
managers. The r egi ¢%l®%)isbecoming h moreadistanthigic or d (19
memory as the years pass bpisodes of shaet duraton n t he | ate 19906s and
have not failed to generate serious concern among the i populécs(Fipps 2001Evan

Garrick et al. 2016Heim 2017. The chief threat tiocal communitesin these circumstances
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has typically ben waterationingamong both agricultural and domestic userse sequential

thresholds in diminished storage capacity along the Rio GrandepessedNava et al. 2016

However,a detrimental byproduct of these events is the additional gratedwumping that

communities fahestinlandont he LRGV6s irrigation distributic
help compensate for thesikuations. Theseetwoks double as conveyances municipal wate

andin drought circumstances their r@sallifeline becomes magnifieKnight 2009. City

officials arethenforced to buyor leaseacrefeet allotments on the open market and employ

irrigation districs tomovethat allotment off the Rio Graegup the network and intotao wn 0 s

distant storage facilitieg€haracklis et al. 1999, Stubbs et al. 20@¥sts can be prohibitive and

many of these municipalities return to groundwater wellselpoffsettheseoperatng costs

These unsustainable methadsmlower water tables for surrounding are@sojeded trends in

urbani zation pl ace t he L R3\essentiajyadpublihgalee near 3
regi onds exi st i nigfrastruetard and resourcBBWVDB20Hdnct t o

conjunction with intensified drought, these conditiconsldlead to additional groundwater

pumping that would further impact water tablieluding thoseextendingnto nearbyprotected
areasFurther drought exacerbates erosion as related to the intensity of rainfall events and

resulting sediment runoffllen et al. 2011) The implications for this and other forms of land
degradatiorassociated with drougimcludemore basisoil substratesvith reduced fertility and

which may not be sufficient to support higher levelsegfionalthornforest speciediversityin

the future(Ruthven et al. 1993\avar et al. 2014).

Drought will also work to expand urbanizationthe LRGVby dr i vi ng the regi on
economies intdurtherdecline, agvidencedn previousepisodesThe 19506s dr ought
estimated tdhaveeliminated approximately 100,000 farms and ranches througlecatsand

much of the populace displaced battlevenpermanently relocated to growing urban aieas

the statdBurnet2012 The LRGVO6s rural economy i s embl emat
and ranching enterprises dominate activities outsidebain zonegNorwine and Bingham

1985 Figure§. Whi |l e many proprietors of these opera
exparding frontier of development, their support stgffically remainon-site in rural enclaves.

It is these individuals who wibe most at risk for relocatirtg the urban environmenout of
necessityClimatechange induced drought will also have sewepacts in adjacent parts of

northern Me&ico (Nawrotzki et al. 2018 Rural familiesdisplaced from thesareas willlikely

turnin partto employment opportunities in the expanding trade cultureedfRGV to hedge

their bets on a stronger personal economic foundéborenius et al. 2008)n the process these
futureimmigrants will also expand the growing urban footpoahthe region compounding

many of the dynamic conservation challenges thateg®n currently faces

On the surfacantensifiedd r o usgffettsdon therogram will be most evident in tlexpected
survivordip of new plantings. Thornforest seedlings are most susceptible to environmental
stressorge.g., lack of soil moisture, desiccating winds, exposure to highihgagir first few
months posplant(Fulbright et al. 1992Garcia201]). Plantingsconductecamid past multiyear
droughts have suffergmbor establishment and there is every reason to believe ésatesuls
would be repeatedithout pathwaygo mitigation(Dick et al.2016). These failed efforts would

11



Figure 6. LRGYyfapefruit harvest. The region has approximately 26,000 acres of citredit:(Oexas Farm Burea

translate into losses of time, funding and resources for the progtather, ntensified drought

will likely alter the existing compositiarf thornfore$s as variations exist individuals pe ci e s 6
capacities to resist tee environmental stressdi@ prolonged periodéStienen et al. 1989The
aforementionedbss ofmanyriparianforestsprovides an instructive example of tiieeper

ecological consequences of not aiptiting thesetypes of challenge. In this casghistoric

assemblagesf dependenavian species have become raréeenlost altogetheat manyrelict
sites(Sennett 187%Rupert and Brush 2006)

Beyond drought, climate change impactsdouth Texasre also expected to take the form of
intensifiedprecipitation eventas the century progressdsénberth et al. 2038This would

further exacerbateracenttrend in increased downpour frequency saw parts of the LRGV

reach increases of 700% over rRaid" century levels from 2063014 (Thompson 2015).

Tropical storms or hurricanes originating in the Atlabtsinhave historicallyimpacted the

regionon aseasonabasisand continue to do so, as witnessec
(Davila et al. 2020Shultz et al. 2020 However therapidintensfication and frequencyf some

of these tropical systenamd other more stochastapercells over thpastdecadeéhave become

troubling NWS 2019) Research indicasg hat Hurri cane Harveyds 2017
storm precipitation total in U.S. history) over the mid apger Texas/Louisiana coasts may

only be a previ ew webtermQulgegi@nevertthe next seneeal decades t h e
(Wangetal.20)8. The response to that event has | ed
Change Action Plarwhererestoation of forested natural areas within urban zones will figure
prominently ino mitigating future flood events (Bower et al. 2020).

In 201Q copious precipitatiom the Rio Grande watershedsociated with Hurricane Alend
consecutive tropicalepressionproduceda scenariavhich required maximum coordination in
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bi-national watemanagemerib avert catastrophic floodirig the LRGV(Pena 2010)

However, the real i mp alandscap@ame Witle therineirgdationro® s c on's
protecte landsbehind the i v grimarydlood control levedor over 2 months afterwaiid

both Hidalgo and Starr Counti@&/ogan 2010Moore et al. 2016 In addition to reshaping land
managersod6 concepts of what <cl i makcandisedaif or est
along tlose portions ofthev er 1 n t h-@anmremthe floadibgsintrqduced invasive

saltcedar Tamarixsp.) for the first time into numerous protected areas. Dedicated dfjorts

USFWS were able to minimizhis threat over the next several yelaws the prospect of high

intensity storms in similar scenarios or omare frequent basis due to climatic charmake

this combined threat very relevant to conservation plannitige LRGV(Scifres and Mutz

1975, Shafroth et al. 2005).

Strategy Articulation : Climate-Adapted Thornforest Restoration

Thesuccess of #arestoratiorprogram has solicited a strong response amonglbcelly based
and national conservation stakehold€rger the past@years, his has led to increasing lesgel

of engagemerdnd expanded roleés LRGV public landsrestoration ér non-profits, industry,
universities and other agencigeslie 2016) While the progranwill indefinitely chart a

direction that is consistent with the regional objectives develop&tBByVS it remainsmindful

of incorporatingpartnersponsore@gdvancege.g.,researchtechncal advisory, resourcg

meet these goal$he products of thisharedorogreshave also foundready adoption among
practitioners in private lands restoration and will lead to gréafeacs for the regionn years to
come.Forest restoration is by definition a letegym investment and one that should be regularly
advanced through experience and insight (Stanturf et al. Z8ddher,both local (individual

stand densities, e.dogmathornforestEwing 2000 and landscapeVel attributesd.g.,species
movement) influence conservation planning in this region (Opdam and WascheF20@n t e s
Montemayor et al. 2017Along these lines angiven our current vantage inatimate change
impacts includingtheir capacity to shapscosystemsvell into thefuture, we feel that the time
has come tarticulatea strategy into climat@adaptedorest restoratiomithin the LRGV(West

et al. 2009Mawdsley et al. 20Q9ose et al. 2019 Ou objectivehereis to help guidethese
developingregionalsynergesamong partneroward greater longerm impacts in biodiversity
conservation and community resilience

TheU. S. F o r e Notther8 mgtituté ford@pked Climate Sciences (NIACS) provides a
nationally recognized frameworthatenableslimateadapted foreshanagemenn theUS
(Brandt et al. 2017ntl et al. 2018 This Climate Change Response Framew@KRF)
incorporatea NnAd@ pt at i on Wo rdedigoeddkbidgepekisting fgapsetmeen
climate change research findings andapplication ofsustainablenanagement practices by
land maagergSwanston et al. 2016 his process includes:

Defining management objectives

AssesBg climate impactgi.e., scientific literature, vulnerability assessments)
Evaluaing management objectives

Identifying adaptation tactics

Monitoring and evaluahg effectiveness

ERE I
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Inherent to tk fourth stage of this proceasefi me nwhghincludegeneraklimateadaptation
strategies and correspondisigpdownapproachethat land nanagers can choose fromfiio

their objectives in a given geograplry.centralTexas, br example, managementashe
juniperoak foresatt he City of Austi nés BsanktlusiveroeneenuCany onl
strategiesocused on preserving refugia for listed spea@esong oher objectives As a

suppl ement to the original wor k bbbshekladcarbogui danc
centric menwof adaptation strategies/approacfisble 1).While previous sections of this
narrative havéouched orthe basis for the firghreepartsof the CCRF framework process it
relates to the USFWS restoration progr@g.,
defining management objectives, assessing
[expectedklimate impacts and evadting
management objectives), we hal®mserOnt | 0 s
carbon menas the primary néium for identifying
theclimateinformed restoratiotacticsand
approaches relevant to our geography. This

>, ‘ warionan fish wildlife s planes | TEPresentation stressex interrelated nature (e.g.,
W A’ cuimate aoaeraion sTrATEG: co-benefis) of our climatenformed thornforest
restaation strategyTable 2). The tactics we
identified areinclusive of effective restoration
methoddraditionallyemployed bythe programand
newer (2014 present) methodsat we consider
promising and/othathave met withrecurrent
succes$n promoting thornforest establishment
This synthesiss a living document angill provide

a baseline focontinuingadvances in climate
resilientforestrestorationin the LRGV.

Figur 7. National Fish, Wildlife, and Plants
Climate Adaptation StrategZredit: U.S. Climat:
Resilience Toolkit

To further elaborate oours t r a ttamgster@cyvith national goals in climate adaptatjove
alsocrossreference outactics with those specific toust species conservatiaspresentedby
theNational Fish, Wildlife, and Plants Climate Adaptation Partnership (NFWPZDAR,

NFWPCAN 2021)Led by USFWS and the National Oceanic and Atmospheric Association
(NOAA), this intergovernmental working group of federal, state and tribal agencies produced the
National Fish, Wildlife, and Plants Climate Adaptat®nategyNFWPCAS in 2012 after 3

yearsin developmen{Figure 7) This comprehensive documeidentifiesseven boad

adaptation goalfor species preservation in the US and a corresponding numsiepaiown
strategiegor managergAppendix A).Here,strategies are meattt integrate with and expand
existing management prograras the benefit of species conservatiorthe face of expected

climate impacts. Of further relevance to the LRGV is that this treatment places a premium on
transboundary coopration where spe@econservation objectivemcessarily intersect along

! https://forestadaptation.org/adapt/demonstratiorprojects/city-austinbalconescanyonlandgreservevireo-
preserverestoration
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international linesThese goals complemeondir tactics, especially where restoration tenets meet
conservatiorand climate adaptatiaco-benefits for the e g i wealtld of thornforest
biodiversity.

Forest Carbon Management Menu

Strategy 1: Maintain or increase extent of forest ecosystems

1.1 Avoid forest conversion to nonforest land uses

1.2 Reforest lands that have been deforested and afforest suitable lands

1.3 Increase the extent of forest cover within urban areas

1.4 Increase or implement agroforestry practices
Strategy 2: Sustain fundamental ecological functions

2.1 Reduce impacts on soils and nutrient cycling

2.2 Maintain or restore hydrology

2.3 Prevent the introduction and establishment of invasive plant species and remove existing invasives

2.4 Maintain or improve the ability of forests to resist pests and pathogens

2.5 Reduce competition for moisture, nutrients, and light
Strategy 3: Reduce carbon losses from natural disturbance, including wildfire

3.1 Restore or maintain fire in fire-adapted ecosystems

3.2 Establish natural or artificial fuelbreaks to slow the spread of catastrophic fire

3.3 Alter forest structure or composition to reduce the risk, severity, or extent of wildfire

3.4 Reduce the risk of tree mortality from biological or climatic stressors in fire-prone systems

odp ! fGSNI F2NBAG aiNHOGdzNB (2 NBRdzOS (KS NRal:
Strategy 4: Enhance forest recovery following disturbance

4.1 Promptly revegetate sites after disturbance

4.2 Restore disturbed sites with a diversity of species that are adapted to future conditions

4.3 Protect future-adapted seedlings and saplings

4.4 Guide species composition at early stages of development to meet expected future conditions
Strategy 5: Prioritize management of locations that provide high carbon value across the landsc

5.1 Prioritize low-vulnerability sites for maintaining or enhancing carbon stocks

5.2 Establish reserves on sites with high carbon density
Strategy 6: Maintain or enhance existing carbon stocks while retaining forest character

6.1 Increase structural complexity through retention of biological legacies in living and dead wood

6.2 Increase stocking on well-stocked or understocked forest lands

6.3 Increase harvest frequency or intensity because of greater risk of tree mortality

6.4 Disfavor species that are distinctly maladapted

6.5 Manage for existing species and genotypes with wide moisture and temperature tolerances

6.6 Promote species and structural diversity to enhance carbon capture and storage efficiency

6.7 Use seeds, germplasm, and other genetic material from across a greater geographic range
Strategy 7: Enhance or maintain sequestration capacity through significant forest alterations

7.1 Favor existing species or genotypes that are better adapted to future conditions

7.2 Alter forest composition or structure to maximize carbon stocks

7.3 Promote species with enhanced carbon density in woody biomass
7.4 Introduce species or genotypes that are expected to be adapted to future conditions

Tablel. Forest Carbon Management Me®itrategies and Approach@ntl et al. 2020).
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Tactic

Approach(es)

Anticipated cebenefits

1. Select restoration
sites by soil type
and through
systematic
conservation
planning efforts

1.2 Reforest lands that have been deforested and afforest suitable lands
1.3 Increase the extent of forest cover within urban areas

2.1 Reduce impacts @wils and nutrient cycling

2.2 Maintain or restore hydrology

4.1 Promptly revegetate sites after disturbance

5.2 Establish reserves on sites with high carbon density

Biodiversity conservatiomugment existing capacity
of wildlife corridors in amrbanizing geography

Climate adaptationreduce sediment runoff &
promote subsoil water infiltration

Carbon mitigationprotect soil carbon stocks

2. Select restoration
species based on
mature seral stage
representation and
droughttolerance

3.5 Alter forest structure to reduce the risk, severity, or extent of extreme weather events
4.2 Restore disturbed sites with a diversity of species that are adapted to future conditions
6.4 Disfavor species that are distinctly maladapted

6.5Manage for existing species and genotypes with wide moisture and temperature tolerang
6.6 Promote species and structural diversity to enhance carbon capture and storage efficien

7.1 Favor existing species or genotypes that are better adapfetute conditions

Biodiversity conservatiomaintain listed species
populations, ecosystem specialists

Climate adaptationincrease forest resilience in the
face of intensified drought

Carbon mitigationmaintain carbon capture in xeric
transition zones

3. Restore with high
stand densities and
utilize supplemental
planting techniques
where appropriate

2.4 Maintain or improve the ability of forests to resist pests and pathogens
6.1 Increase structural complexity througdtention of biological legacies in living and dead wo

6.2 Increase stocking on wetbcked or understocked forest lands

Biodiversity conservatiofincrease habitat quality &
structural diversity

Climate adaptationrelieve environmental stress in
young forests through facilitative interactions

Carbon mitigationincrease carbon stores on
abandoned/degraded lands
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Tactic

Approach(es)

Anticipated cebenefits

4. Treatments:
utilize tree shelter
tubes for 13 years
post plant and
perform stem
manipulations at 3
or more years post
plant

3.4 Reduce the risk of tree mortality from biological or climatic stressors-prdine systems

4.3 Protect futureadapted seedlings and saplings

4.4 Guide species composition at early stages of developmemet expected future conditions

Biodiversity conservatiommitigate ecosystem
damage from exotic ungulate species

Climate adaptationexpedite forest canopy closure
to promote microclimate creation/retention

Carbon mitigationmaintain/enhance sequéstion
rates over existing, disturbed land covers

5. Mitigation of
invasive, exotic
grass species (pre
and postplant)

2.3 Prevent the introduction and establishment of invasive plant spemi@esve existing invasiveg

2.5 Reduce competition fanoisture, nutrients, and light

3.3 Alter forest structure or composition to reduce the risk, severity, or extent of wildfire

Biodiversity conservatiomestore/maintain
understory microclimate foleaflitter dependencies
among species

Climateadaptationt improve seedling establishment
in semiarid conditions

Carbon mitigationincrease carbon stores by
facilitating persistence of newoody biomass

6. Identify and
secure sources of
genetically diverse,
droughtresilient
species through
seed collection
activities

6.7 Use seeds, germplasm, and other genetic material from across a greater geographic rar

7.4 Introduce species or genotypes that are expected to be adapted to future conditions

Biodiversity conservatiorassure persistencef o
genotypic variation in forest tree/shrub species

Climate adaptationaugment forest cover survival ir
predicted climatechange scenariextremes

Carbon mitigationreduce risk ofong-term carbon
losses by favorinlpwer risk species

Table 2. Selected adaptation tactics and associated approachR&ithornforest restoratioientified using the Forest Carbon Management Menu, with
associated cbenefits for biodiversitgonservation, climate adaptation, and carbon mitigation.
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Tactic 1. Select restoration sites by soil type and through systematic conservation planning

efforts. Certain soil typesn the LRGVare more conducive to restorationthat theypossess
propertieqe.g., fertility, textureslope aspect, etc.) which better support {tsrghndevelopment

of thornforest associationslérveson et al. 2004This includes a broad range of mollisols

alfisolsand othersinder a variety of series names (e.g., Hidalgo, Racombes, Willacy, Olmito,
Laredo, Lozano, etc.) (Vora and Jacobs 1990, USIRCS2020). Through biomass production
(e.g.,maturingthornfores}, restoration onarget soils can be expected to augneigting

carbon stocks and redeitnpacts (e.g., intensified erosiom)dstablished nutrient cycling
pathwaygNorthup et al. 2005Canadell and Raupach 2008ubsoilhydrologyin these areas

will also be positively impacteldy processes that seek to improneistureinfiltration, including
forestrestorationNavar 2011)Beyond soil type, site selection advances on parcels that have

been identified through systematic consaoraplanning efforts recently completed by the

Thornforest Conservation Partnership (Thompson 2011, Reside et al. 2018). This collaboration
currently includesmnyof t he regi ondés promi neanstoecsioes er vat
portions ofthe LRGM s Tamaul i pan t khathavebeen defotestee hrougly st e m
agricultural conversion and other disturbances

The groupés Thornforest Conservation Plan ide
restored, would have the highesttential for providing essential connectivity to dependent

wildlife moving between existing forest fragmeni<f 2020. While ongoingurbanization

could make some of these projections obsolete over time, core restoration opportunities remain

on approximeely 18,000 acres of public protected lafEigure12). Here, site selection aims to

support the longerm trajectory of listed species recovery efforts (e.g., ocelot) by creating

additional thornforest patches that will help to alleviate habitat logditamms over time

(Connolly 2009 Stilley 2019.

Additionally, the co-benefitsdescribed herein alsupport the following goaland strategies
within the National Fish, Wildlife, and Plants Climate Adaptation StratSigyWWPCAS:

Goal 1 | Conservehabitat to support healthy fish, wildlife, and plant populations and

ecosystem functions in a changing climate.

Strategy| Identify areas for an ecologicaigonnected network of terrestrial, freshwater,
1.1 coastal, and marine conservation areas thaikaly to be resilient to climate

change and to support a broad range of fish, wildlife, and plants under chang

conditions.

Goal 3 | Enhance capacity for effective management in a changing climate.

Strategy| Facilitate a coordinated response to climate change at landscape, regional, n
3.2 and international scales across state, federal, and tribal natural resource age

and pivate conservation organizations.

Strategy| Optimize use of existing fish, wildlife, and plant conservation funding sources
3.4 design, deliver, and evaluate climate adaptation programs.

18



Goal 4 | Support adaptive management in a changing climate through integrated

observation and monitoring and useof decision support tools.

Strategy| Support, coordinate, and where necessary develop distributed but integrated
4.1 inventory, monitoring, observation, and information systems at multiple scale

detect and describe climate impacts on fish, wildlifantd, and ecosystems.

Goal 5 | Increase knowledge and information on impacts and responses of fish, wildlif

and plants to a changing climate.

Strategy| Identify knowledge gaps and define research priorities via a collaborative pro
5.1 amongfederal, state, tribal, private conservation organization, and academic

resource managers and research scientists.

Goal 6 | Increase awareness and motivate action to safeguard fish, wildlife, and plant

in a changing climate.

Strategy| Increaseublic awareness and understanding of climate impacts to natural
6.1 resources and ecosystem services and the principles of climate adaptation at

regionally and culturallyappropriate scales.

Tactic 2. Select restoration species based on mature seral stagpresentation and drought
tolerance With over 1,200 native species t he LRGVG6s fl ora presents
for achieving restoration goals (Best 2006, Heep and Lester 2011). However, observations
collected by USFWS stafindresearcttonductedby Mohsin et al(2021) indicate that
survivorship is not equal among species, especially under the prevailing treatment afioestor
outplantingqe.g., o supplemental wateringRather than waitdr compositional shifts iforest
associationso manifest during extended drougbfshe future we enphasizehatcontemporary
restoratiorprojects begintilizing an assemblage speciesvhich appear to havgreater
predispositiortowardstolerance ofirier extremeg¢TimpanePadgham et al. 2017)hisincludes
modifying theplantingpercentage mixes afidividual speciesa reflect what weperceive to be
increased chances fattaining longtermcanopycoverage iroutplantingsThese actionare key
to spreading thenherent risks tdorestrestoratiorsuccess n t h e edistGséroiarid
climatewhile promoting resilience toward advertised future conditions in increased aridity

While a restoration specigmlettewill not initially replicate thespeciesliversityobserved in
manymature stands of thornforegtd., 550 years old), it does provideavorablestarting point
for adevelopmentairajectory that maultimatelyapproactsimilar functionalityfor a wide
rangeof wildlife, including thornforest specialists and listed spelesd et al. 2002)n
addition to drought tolerance, raldte successional species are also chosen to promokeiqu
establishmenof structural diversity within restored parcgisovidebenefits suclas increasing
bird and pollinator food sources, develop a denser canopy to exclude invasive grasses, and
provide improved environmentabieditions(e.g., canopy shade, moisture retentionXhe
germination of successive rounds of dispersed seed witand.Species selection is also
critical in locations where forests that were historically riparian in compositiwa been lost to
altered hydrology (e.g., floodplains along immediate Rio Grande Reppitethe loss of
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historicc ondi t i oersi, ¢ t theomes said bontiaue t function towaodsbon capture
where restoration with droughlerant species is achieved.

Tactic 2aligns withNFWPCASIn the following goals and strategies

Goal 1 | Conserve habitat to support healthy fishwildlife, and plant populations and

ecosystem functions in a changing climate.

Strategy| Restore habitat features where necessary and practicable to maintain ecosys
1.3 function and resiliency to climate change

Strategy| Conserve, restore, and agpegpriate and practicable, establish new ecological
1.4 connections among conservation areas to facilitate fish, wildlife, and plant
migration, range shifts, and other transitions caused by climate change.

Tactic 3. Restore with high stand densities andtilize supplemental planting techniques
where appropriate. In addition toassisting in the formation of dense stands characteristic of
extant mature thornforest patchégs methodologypromotes facilitative interations between
speciesAs in othersemtarid regions, these mutualisnilsaly mitigatestress in earljorest
establishment wheliaterspecificdisparities in growtmatecan create beneficial conditions (e.qg.,
moist microclimates, shadmycorrhizal soil fungi associationfor one or moraearby species
(Vela 2015).This approach igital to naturally mitigating the existing weather extremes of the
LRGV (e.g., desiccating winds, high heat) and will only meet with increasing value as projected
aridity increases unfold in the futurghis front-end investment istand density wilalso pay
dividends towardjenerating the highyuality habitat necessary for territorial expansion of
imperiledspecies residing in adjacent, mature thornforest patches (e.g., ocelot).

Supplementgplanting haseen employed ithin the restoration program fomaimber of years.
This effort emphasizes remedsdedling establishmenn parcels wherprior direct seeding
from 19821995 failed to adleve acceptable levels of thornforest cover. While costs are
generdy higher to perform these actions than at groupdestorationsthey represent a critical
stepin salvagingooth the conservation and carbon mitigation pidéof protected landthat
have received minimal attention

Tactic 3 alignsvith NFWPCASIn the followinggoals and strategies

Goal 1 | Conserve habitat to support healthy fish, wildlife, and plant populations and
ecosystem functions in a changing climate.

Strategy| Restore habitat features where necessary and practicable to manosystem
1.3 function and resiliency to climate change

Strategy| Conserve, restore, and as appropriate and practicable, establish new ecologi
1.4 connections among conservation areas to facilitate fish, wildlife, and plant
migration, range shifts, and othteansitions caused by climate change.

Tactic 4. Treatments: utilize tree shelter tubes for 13 years post plant and perform stem
manipulations at 3 or more years posplant. We place a necessary premium on providing a
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stable environmerto facilitate forestievelopment. Bynstallingreusable tree shelter tubes on
plantings for 1236 months post planseedlingsurvivorship has improved dramatically over
standardpperoplanting methods, in some cases by more than 80% ((USFE&Gpers.

comn). Specifically, tree shelterseate an individual microclimate for each seedling that
preservesoil moisture in the immdiate root zone, prevent excess herbivory in the early
establishment window and mitigate invasive grass encroachment (Brown and Archer 1988, Reid
et al. 1990, Alexander et al. 2016). They perform the latter by encouraging more vertical growth
from the planin its early stages, which allows it to rapidly establish a height advantage over
invasive grasses (Diait al.2016). At shelter removaimostspecies havgypically achieved a

height thafacilitatescanopydevelopmen{(USFWS 2020, pers. comnmilanipuating the

resulting single stemsf certainspeciesto promotea denser, mulbranchgrowth habit is

another element we advocate for in this strat€pmpleted at-P intervalsafter tree shelter

removal but while the tree is still young8 years posplant), this effort promotedenser

structure throughouhe stand andpproximategonditions observed imanymature thornforest
patchegRideoutHanzak, S. 202(ers. comm)

As intactics 23, alignment withthe NFWPCAScan befound in:

Goal 1 | Conserve habitat to support healthy fish, wildlife, and plant populations and
ecosystem functions in a changing climate.

Strategy| Restore habitat features where necessary and practicable to maintain ecosys
1.3 function and resiliencyo climate change

Strategy| Conserve, restore, and as appropriate and practicable, establish new ecologi
1.4 connections among conservation areas to facilitate fish, wildlife, and plant
migration, range shifts, and other transitions causedifmate change.

Tactic 5. Mitigation of invasive, exotic grass species (pre and pgsiant). this approach to
climateinformedrestoration irsouth Texasvould fail to achieve expected outcomes if an
invasive control component was not incoerporat
grasses (e.g., guinea grabkepathyrsus maximyiduffelgrass Cenchrus ciliari$) has been a
consistentimiting factor in achieving acceptable levels of survivorship in plantings (Ewing and
Best 2004). Further, their persistence has resulted in the alteration of historic ecosystem
dynamics (e.g., increased fipeevalenceseverity within some thornforest associations

(Hanselka 1980, Diamond 1998, McDonald and McPherson 20l use a&ombination of
mechanical cultivation (discing, ripping) and herbicide application to eliminate existing stands of
these species at the site well ahead of plartitimgduce resource cqatition The discing

portion of the process may be repeated-atpteplant intervals to eliminate residual vegetation.
However, the posgplant interval(1-5 yearg will typically feature some restablishment through
either tre existing seed bank waind disperal (USFWS2020,pers. comm).

As mentioned, the use of tree shelter tubes helps to mitigate this inevitable return by providing a
physical barrier complete with beneficial microclimate. Beyond these actions, our strategy also
employs herbicide spdreatments of invasive stands where their density withiouityganting
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becomes problematid his actioncan berepeated at recurring intervals fof8lyears until
sufficient growth in esiblished seedlings is evidenthié¢ 1 or moe of these exotic speciegy
become reduced in frequayddistributionwithin outplantingsdue toeffects frompredicted
climate scen@os, intraspecific vamtionsor other introduced species wigheatemphenotypic
plasticitymay ultimately maintain the need for these proactive management mg@&anesnts
and Ditommaso 2011).

In dense plantings with high initial survivorshipetcantrol of invasive grass species facilitates
formationof a critically important leaf litter strata beginning several yearspast. As
thomforest stands age, a comparatively moist microclimate develops within this layer and
provides foraging habitat drother resources for many thornforest specialist species (e.g.,
White-tipped Dove Leptotila verreauXi, Long-billed ThrasherToxostoma longirostig The
persistence of thiktter also works tancrease soil C levelsver time througlilecomposition
(Creamer et al. 2013)

Tactic 5 aligns with the followinlFWPCASgoals and strategies

Goal 7 | Reduce nonclimate stressors to help fish, wildlife, plants, and ecosystems
adapt to a changing climate.

Strategy| Use, evaluate, and as necessary, improve existing programs to prevent, cont
7.3 eradicate invasive species and manage pathogens.

Tactic 6. Identify and secure source ofgenetically diverse, droughiresilient species

through seed collection activites.Seed provide the basis for climateformed thornforest
restoration and their collectiongsitical to thisstrategy. We advocate for yearund collection

of droughtadapted species from a variety of source locations throughout the LRGV. These
actions enhanciie persistencef genotypic variation withifiorestspeciesand, in turn, fithess
derived from theseariationsmay be instrumentafor achievingclimateresilience in future

pl antings. The regionds expanding rfeome of
privately-owned sites in an aift to preserve more examples of intraspecific gemnaiggity
before they are permanently lost to land conversion. Collection from public lands is ongoing
(Appendix C)for many species as well.

This tactic aligns with the followinlFWPCASgoals and strategies

Goal 2 | Manage species and habitats to prote@cosystem functions and provide
sustainable cultural, subsistence, recreational, and commercial use in a
changing climate.

Strategy | Conserve genetic diversity by protecting diverse populations and genetic m
2.3 across the full range species occurrences.
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Expected Outcomes

Beyond the direct value to forest health described in previous secggrmaladoption of the
restoration strategy which encompasses these 6 taaliagsult inadditionaloverarching
benefits to the LRGVAssuming thamostthornforest wildlifeassociationsanincrementally
adaptto climatedriven changesmprovedforest resience will preserve a continuing base of
critical habitat for many speci€blansen et al. 20Q0XKates et al. 20)2These developments
would continue to promote natural processes within populations, including migaation
recruitmentn wha is becoming anncreasingly urbanized landscafttansen et al. 2005,
Dolman 2015Figure8). Restoration under this scenaridlvalso likely facilitae ongoing
distributional rang@xpansionsn some species, especially under climate change scenarios
(Brush and Feria 20)5Further,landscapdevel restoratiorof conservation corridoras
currently conducted by SFWS(public lands, easementsnd asconceivedoy the Thornforest
Conservation Plargfeaterrole for private landswill benefitpre-existingtrust speciesin this
context, theoroposedstrategywould benefitpreservatiorefforts forregional populations of
federal and statksted speciesuch as ocelot and Texas tortoj€®pherus berlandieyi
(Kazmaier et al. 20Q1Jackson et al. 2009FExpandingthornforesicovert hr ough t he
recommendationwill also facilitate theresilience necessary toaintain and enhandhis
ecaystend mtegrity in the face oinvasive species threadumroese et al. 2015While some
of these impadt could bemitigatedby futureincreass inaridity level (e.g.,prolonged droughjs
otherinvasivespeciewill likely exploit anyniches left behind thusadapationin resilience
approaches is vit§Mainka and Howard 2030

Additional envirormental benefitsvill
also befound in aregionalecosystem
servicedialoguethat isbeginning to
experienceerious realignmerdue to
recent eventhanging social
perceptionandimpendingresource
scarcitiegseesection:Expected Climate
Impacts Durst and Ward 2016, Ward and
Quialls 2020. While extremedroughs
maybecome pervasive in the futyre
catastrophic flood events bigh intensity
andgreaterfrequencycouldalso
punctuate these periodghis will pose
continuing chal en
urbanization trajectorgis more area is
converted into hardscapescoming decadeirrigl et al. 201§. Our restoration strategy will
supplement intergovernmentétderal, state, locaéfforts to mitigate damage frothese excess
waters by informing discourse on thornforest planting in zones peripheral to flood channels
(Hidalgo County 201,71BWC 2020Q. Here,restored areasill work to quantifiablyreduce
sedimentoads in existing tributaries of the Rio Grande by prevergiggssiveunoff (Kannan
2012,Flores et al. 201dones et al. 2038This will likely provide a cost savingsturnon

Figure 8Encroachment of urban development. Credit: Ma
Oyervides.
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